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Dust transport is a global phenomenon. 
However, dust emission is a threshold 
phenomenon, sporadic and spa5ally 

heterogeneous, that is locally controlled on 
small spa5al and temporal scales 

Dust emission 



NMMb/BSC‐Dust 
GOALS 

  Implement a common ‘on‐line’ dust module for regional and global 
domains 

  Global dust forecasts up to 7‐8 days at sub‐synop5c resolu5ons and nested 
regional domains at high resolu5on (5‐10 km). 

  Intermediate complexity dust emission scheme 

  Include new high resolu5on databases for soil textures and vegeta5on 
frac5on.  

  Update deposi5on schemes 

 Radia5ve feedbacks between dust and meteorology 



NCEP Nonhydrosta5c Mul$scale Model on B grid (NMM‐b) 
 (Zavisa Janjic) 

•  Further evolu5on of WRF NMM (Nonhydrosta5c Mesoscale Model) 

•  Intended for wide range of spa5al and temporal scales, from meso to global, 
and from weather to climate 

•  The nonhydrosta5c op5on as an add–on nonhydrosta5c module 

•  Global lat‐lon, regular grid ; Regional rotated lat‐lon 
•  Arakawa B grid (in contrast to the WRF‐NMM E grid) and Pressure‐sigma hybrid 



   NCEP’s WRF NMM “standard” physical package (more op5ons will be 
available) 

–  Mellor‐Yamada‐Janjic (MYJ) level 2.5 turbulence closure for the treatment of turbulence in the planetary 
boundary layer (PBL) and in the free atmosphere (Janjic, 2001) 

–  Surface layer scheme based on the Monin‐ Obukhov similarity theory (Monin and Obukhov, 1954) with 
introduced viscous sublayer over land and water (Zili5nkevich, 1965; Janjic, 1994) 

–  The NCEP NOAH land surface model (Ek et al., 2003) or the LISS model by Janjic 
–  The GFDL longwave and shortwave radia5on (Fels and Schwarzkopf, 1975; Lacis and Hansen, 1974)  UPGRADED 
–  Ferrier gridscale clouds and microphyisics (Ferrier et al., 2002) 
–  Beks‐Miller‐Janjic convec5ve adjustment scheme (Beks, 1986; Beks and Miller, 1986; Janjic, 1994, 2000).  

  Recent upgrades 
–  New Eulerian tracer advec5on scheme (Janjic) 

–  Gravity wave drag (Janjic) 
–  RRTM radia5on with aerosols (implemented by C. Perez) 

  Regional version planned to replace the WRF NMM as the NOAA/NCEP 
regional opera5onal forecas5ng model for North America (NAM) this year 

NCEP Nonhydrosta5c Mul$scale Model on B grid (NMM‐b) 
 (Zavisa Janjic) 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P: probability to have accumulated sediments in the grid 
(Ginoux et al., 2001)  

Best fit with the sources iden5fied by Prospero et al. 
2000 

Based on USGS‐wrf vegeta5on/surface type 

19: Barren or sparsely vegetated (1) 
8:    Shrubland                                 (0.3) 



parent soil size distribu5on 

Silt 2‐50 μm Clay 0‐2 μm 

Fine/medium sand 50‐500 μm  Coarse sand 500‐1000 μm 

Soil texture classes according STASGO‐FAO 1km database are converted to 4 parent soil size 
They are used to calculate horizontal flux 



Modes of par5cle mo5on 

‐  Creep or rolling mo5on of the  
largest par5cles (> 500 um) 

‐  Salta5on or horizontal mo5on of 
large soil grains (sand) (50‐500um) 

‐ Suspension of dust  
(aner sandblas5ng  
or salta5on bombardment) 
(0.1‐50 um) 

Movie from the COMET program at hkp://meted.ucar.edu/ of the  
University Corpora5on for Atmospheric Research (UCAR) 



dust emission I 

cs   :   constant 
si    :   rela5ve surface area of each soil par5cle frac5on 
ρa  :   air density 
g   :   gravita5onal constant 
u* :   fric5on velocity 
u*t:   threshold fric5on velocity 

H: Horizontal dust flux 

White (1979) 

u*tsd : Iversen and White (1982) 

fe          :Drag par55on correc5on  
          Mar5corena and Bergameq (1995) 
fh          :Soil moisture effects.  
          Fecan et al. (1999) 

Dry and smooth soil 



dust emission II 
F: Ver5cal dust flux 

C:    Tuning parameter 
S:    Preferen5al source probability 
V:    Vegeta5on frac5on 
α:    ver5cal to horizontal flux ra5o 

•  We assume tri‐modal size distribu5on of emiked dust in 
source regions (D’Almeida, 1987) 

•  Emiked dust in 3 source modes is distributed over 8 size 
transport bins (Zender et al., 2003) 

•  Horizontal to ver5cal flux ra5o (Tegen et al. 2002) 



Advec5on and diffusion 

•  Eulerian advec5on; conserva5ve, posi5ve definite, monotone 
•  Crank‐Nicholson for ver5cal advec5on 
•  Modified Adams‐Bashforth for horizontal advec5on 

•  Ver5cal diffusion in the PBL and in the free atmosphere is handled by 
the NMMb surface layer scheme and by the boundary layer 
parameteriza5on scheme (Janjic 1996a,1996b, 2002a, 2002b) 

•  The lateral diffusion is formulated following the Smagorinsky’s non‐
linear approach (Janjic, 1990).  



Sedimenta5on and dry deposi5on 

•  Terminal velocity of aerosol: 
k:    aerosol size bin number 
dk:  aerosol diameter 
ρk:  aerosol density 
ρ:    density of air 
g:    gravita5onal constant 
ν:    dynamic viscosity of air 
Cc:  Cunningham correc5on factor 

•  Dry deposition velocity (Zhang et al. 2001): 

Aerodynamic resistance (z2 from viscous sublayer over 
land and ocean) 

Surface resistance (brownian diff., impaction, interception) 



Scavenging from grid scale clouds 

•  Grid scale clouds (NMMb incorporates Ferrier microphysics for grid scale 
clouds) 

–  In‐cloud and below cloud scavenging for rain 
•  In cloud is propor5onal to auto conversion of cloud water to rain 

•  Below cloud scavenging (Slinn, 1984) includes direc5onal Intercep5on, iner5al Impac5on and brownian diffusion 

–  Below cloud scavenging for snow 



Convec5ve scavenging and mixing 

•  Convec5ve clouds (NMMb incorporates BMJ convec5ve adjustment for 
convec5ve clouds) 
–  deep convec5ve clouds 

•  Dust mixing follows the postconvec5ve moisture redistribu5on.  

•  In‐cloud scavenging is propor5onal to the release of moisture from the cloud 

•  Below cloud scavenging is perfomed following Slinn 1984 assuming a typical raindrop diameter for 
convec5ve clouds. 

–  shallow convec5ve clouds (no precipita5on)  
•  Dust is mixed homogeneously within the cloud 



‐ RRTM with aerosol implemented. Aerosol climatologies are available. 

‐ Map shows effects on  
NMMb  
incoming shortwave  
at the surface of  
aerosol climatology  
(sea‐salt, om, bc and so4)  
and forecasted dust  

Surface concentra5on of forecasted dust 

Dust and Radia5on 



AEROCOM Year 2000: surface concentra5on  



AEROCOM Year 2000: op5cal depth 



AEROCOM Year 2000: deposi5on  



Regional simulation 0.25ºx0.25º for 2006 vs AERONET AOD daily averages 

Mediterranean 



Regional simulation 0.25ºx0.25º for 2006 vs AERONET AOD daily averages 

Iberian Peninsula 



Regional simulation 0.25ºx0.25º for 2006 vs AERONET AOD daily averages 

Eastern Sub-tropical Atlantic 



Regional simulation 0.25ºx0.25º for 2006 vs AERONET AOD daily averages 

North Africa 

Sahel 



Regional simulation 0.25ºx0.25º for 2006 vs AERONET AOD daily averages 

Middle East 





Meningoccocal meningi5s key facts 
  Bacterial form of meningi5s, a serious infec5on of the thin 

lining that surrounds the brain and spinal cord 

  Direct transmission, person to person, respiratory droplets 

  12 serogroups.  4 in Africa: A, C, W135, X 

  Highest rates of the disease in the so‐called “meningi5s 
belt” in sub‐Saharan Africa stretches from Senegal in the 
west to Ethiopia in the east (80 % of the global burden) 

  21 countries and 300 million people at risk 

  700 000 cases in the past 10 years, 10‐50 % fatality rates, 
10‐20 % of survivors suffer permanent brain damage 

  Meningococcal polysaccharide vaccines are available for 
reac5ve vaccina5on 

  A new meningococcal conjugate A vaccine developed 
specifically for Africa should be available by the end of 
2010 



Climate and dust 
Seasonality of MM outbreaks related to climate dynamics in the region 

Sultan et al. 



Risk factors for meningi5s outbreaks in 
sub‐saharan Africa 

Social and demographic  
  popula5on density 
  propor5on of children under 15 years old 
  main religious celebra5ons 
  transhumance season 
 …. 

Health factors 
  number of years since last meningi5s outbreak 
  on‐going outbreak in a neighboring district 
  vaccine coverage 
  number of years since last immuniza5on campaign 
  type of circula5ng serogroup 
 …. 

Climate  
  humidity 
  dust 
  wind speed 
  temperature 
  rainfall 
  …. 

MM 
outbreaks 



Temporal and spa5al scales 

Decadal/regional scale 
  Could climate variability at these scales explain past meningi5s large scale 
waves (8‐12 years)? 
  What will happen on the coming decades? 

Interannual/sub‐regional scale 
  Predic5on 1 year ahead for vaccine produc5on planning?  
  Seasonal forecasts are available but skills for the dry season must be assessed 

Opera5onal/district scale 
  Adding climate criteria in the reac5ve vaccina5on decision process at the 
district scale? 



Reac5ve vaccina5on 

  Polysaccharide vaccines 

  Poorly immunogenic in children < 2yr 

  Immunity short lived 

  Does not protect from carriage 

  Rou5ne immuniza5on not feasible in the Belt 

  Limited supply, affordability 



Dust & Meningi5s: hypothesis 

Possible  mechanisms  by  which  the  dust  could 
influence the development of the disease  

1.  Irrita5on  and  disrup5on  of  the  epithelial  lining 
of the upper respiratory tract, allowing bacterial 
penetra5on 

2.  Enhancing bacterial  survival  via  iron  content of 
dust 

3.  High  dust  levels  affec5ng  human  behaviour, 
including crowding and reduced ven5la5on (e.g. 
blocking windows) 

4.  (More  controversially)  serving  as  carriers  for 
bacteria 

People caught in a dust storm 
in Mali  

FESEM image showing the  
morphology and par5cle size of a 
typical airborne diatome from the 
Chad Basin (Moreno et al., 2006) 



•  30 year simula5on (February 1979‐ March 2010) within a domain that 
covers Northern Africa, Middle East and Europe 

•  Resolu5on of the model was set to 0.5º x 0.5º 

•  The simula5on was reini5alized every 24 hours with Reanalysis‐2 for 
atmosphere and GLDAS for soil. 

•  3 hourly output of climate (humidity, temperature, winds, precipita5on) 
and dust respirable concentra5ons 

•  Comparison with weekly cases at distrct levels in Niger 

 Goals:  
 ‐ undestand the influence of climate and dust on epidemics 

 ‐ Build sta5s5cal predic5ve tool to help reac5ve WHO 

  vaccina5on strategy 

Ongoing work 



Preliminary results for Niger 
1986‐2008 weekly cases vs climate and dust 

Precipita5on vs cases 

Wind direc5on vs cases 



Absolute humidity vs cases 

2 m temperature vs cases 

Dust concentra5on vs cases 



Lagged scaker plots from t to t‐12 weeks 
Absolute humidity vs cases 



Lagged scaker plots from t to t‐12 weeks 
Temperature vs cases 



Lagged scaker plots from t to t‐12 weeks 
Dust concentra5on vs cases 



projects 

NASA ROSES: 
Towards improved control of meningi$s outbreaks in  
sub‐Saharan Africa’  
PI: S. Trzaska  

NIEHS: The role of airborne dust and climate in 
meningococcal meningi$s outbreaks in the Sahel 
PI: S. Trzaska 

CCI: Atmospheric aerosol impacts on health in 
sub‐Saharan Africa 
PI’s: C. Pérez Garcia‐Pando, S. Trzaska  

FRAMEWORK:  Meningi5s Environmental Risk Informa5on Technologies (MERIT) 

On‐going projects 

2010 

Dust measurements of  
concentra5on and composi5on 
2 sta5ons: Niger and Ghana 

Addi5onal dust measurements 
of  concentra5on and 
composi5on in Senegal 


